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Description 

[0001] The present invention relates to a polishing composition to be used for polishing a semiconductor device 
having a tungsten film and an insulating film, to be used for e.g. substrates for semiconductors, photomasks and various 
memory hard disks, particularly to a polishing composition useful for planarization of the surface of device wafers in 
e.g. semiconductor industry, and a polishing method employing such a composition. 

[0002] More particularly, the present invention relates to a polishing composition which is capable of forming an 
excellent surface having excellent flatness and no light damage by polishing and not stained with impurities such as 
iron ions in the polishing of semiconductor devices to which so-called chemical mechanical polishing (hereinafter re- 
ferred to as "CMP") technology is applied, in the processing of device wafers for the production of semiconductor 
devices having at least a tungsten film and an insulating film, and a polishing method employing such a composition. 
[0003] Progress of computer products has been remarkable in recent years, and parts to be used for such products, 
such as ULSI devices, have been developed for high integration and high speed, year after year. Along with such 
progress, the design rule for semiconductor devices has been progressively refined year after year, the depth of focus 
in a process for producing devices tends to be shallow, and planarization required for the pattern-forming surface tends 
to be increasingly severe. 

[0004] Further, along with refinement and high integration of devices, wirings on the devices have become increas- 
ingly complex, and accordingly, it has been required to stack multilayered wirings on a silicon surface. In a process of 
stacking the respective layers, it has now become important to maintain flatness of each layer in order to form a wiring 
of its upper layer with good precision. CMP is used as the most effective means for this planarization. CMP may be 
generally classified into two types i.e. a method of polishing for planarization of an insulating fiim of silicon dioxide, 
silicon nitride, monof luoro silicon oxide or the like, and a method of polishing for planarization of a metal film of tungsten, 
copper, aluminum, an alloy thereof or other metal. 

[0005] Among such metal films, a tungsten film is used for a contact wiring of a relatively low layer, as tungsten is 
excellent in heat resistance and stability. For CMP against tungsten, a method has been employed in many cases 
wherein a tungsten film is polished and removed with a polishing composition comprising abrasive grains such as silica 
or alumina, an oxidizing agent such as hydrogen peroxide and a catalyst such as iron ions, and polishing is terminated 
when the insulating layer appears. 

[0006] However, when a conventional polishing composition is employed for polishing, due to the presence of im- 
purities such as iron ions, there has been a problem such that light damage is observed on the device surface after., 
polishing, or iron ions are likely to remain attached on a wafer after polishing and deteriorate the characteristics of the 
semiconductor device. Further, the surface after polishing may have irregularities caused by the difference between 
the stock removal rate of the tungsten film and the stock removal rate of the insulating layer by the polishing composition, 
which tends to further worsen the yield of the device. 

[0007] The present invention has been made to effectively solve the above problems. Namely, it is an object of the 
present invention to provide a polishing composition which is capable of forming an excellent surface having excellent 
flatness and no light damage by polishing and not stained with impurities such as iron ions, in the polishing of a sem- 
iconductor device having at least a tungsten film and an insulating film. 

[0008] Further, it is another object of the present invention to provide a polishing method which comprises carrying 
out the finish polishing by means of the polishing composition of the present invention, after polishing and removing 
the majority of a tungsten film, in the polishing of a semiconductor device having at least a tungsten film and an insulating 
film, whereby an excellent surface having excellent flatness and no light damage by polishing, can be formed and 
staining with impurities such as iron ions, can be prevented. 

[0009] The polishing composition of the present invention is one for polishing a semiconductor device having at least 
a tungsten film and an insulating film, which comprises the following components (a) to (d): 

(a) silicon dioxide, 

(b) periodic acid, 

(c) at least one pH controlling agent selected from the group consisting of ammonia, potassium hydroxide, sodium 
hydroxide, ammonium periodate, potassium periodate and sodium periodate, and 

(d) water. 

[0010] The polishing method of the present invention is such that in a process for polishing a semiconductor device 
having at least a tungsten film and an insulating film, it comprises polishing the tungsten film and the insulating film 
simultaneously with a polishing composition which comprises the following components (a) to (d) : 

(a) silicon dioxide, 

(b) periodic acid, 
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(c) at least one pH controlling agent selected from the group consisting of ammonia, potassium hydroxide, sodium 
hydroxide, ammonium periodate, potassium periodate and sodium periodate, and 

(d) water. 

5 [0011] Further, the method for polishing a semiconductor device according to the present invention, is such that in 
a polishing process for production of a semiconductor device having at least a tungsten film and an insulating film, it 
comprises carrying out the finish polishing with the above-mentioned polishing composition, after removing the majority 
of the tungsten film. 

[0012] According to the present invention, in the polishing process for the. production of a semiconductor device 
w having at least a tungsten film and an insulating film, the tungsten film and the insulating film can be polished while 
maintaining substantially the same stock removal rates in the finish polishing step after removing excess tungsten by 
polishing, and as a result, good flatness can be realized, and a surface having no light damage by polishing and not 
stained with impurities such as iron ions, can be obtained. 

[0013] Now, the present invention will be described in detail with reference to the preferred embodiments. 

15 

(a) Silicon dioxide 

[0014] The polishing composition of the present invention contains silicon dioxide. Silicon dioxide plays a role as an 
abrasive for mechanical polishing. Silicon dioxide is known to have several crystal forms, and various methods are 
20 known also for its production. Any optional one may be employed for the polishing composition of the present invention 
irrespective of such crystal forms or the production methods. However, among them, it is preferred to use one which 
can easily be made into fine particles and whereby it is possible to obtain a stabilized aqueous suspension of silicon 
dioxide. 

[0015] Specifically, the silicon dioxide to be used in the present invention, is preferably one produced by a sol-gel 
25 process. The production of silicon dioxide by a sol-gel process is usually carried out as follows. Namely, methyl silicate 
is dropwise added into a solvent comprising methanol, ammonia and water, and hydrolyzed to form silicon dioxide. By 
this method, a suspension of silicon dioxide containing very little purities, can be obtained. 

[0016] As a method for producing silicon dioxide other than the sol-gel process, a method for the production by 
heating silicon tetrachloride, or a method of ion exchanging sodium silicate to grow silicon dioxide, may be mentioned. 

30 However, by the method of using silicon tetrachloride as the starting material, a very small amount of chlorine is likely 
to be included as an impurity in the resulting silicon dioxide. Further, in the method of employing sodium silicate as the 
starting material, it is common that the starting material contains metal impurities such as alkaline earth metals, copper, 
iron and chromium. Accordingly, in a case where silicon dioxide produced by such a method, is to be used, it is preferred 
to carry out purification treatment to remove the impurities. 

35 [0017] The content of silicon dioxide in the polishing composition of the present invention is usually within a range 
of from 10 to 200 g/€, preferably within a range of from 30 to 1 50 g/€, with a view to presenting a sufficient mechanical 
polishing power to the polishing composition, dispersing it uniformly and stably in the polishing composition and main- 
taining a proper viscosity. When the content of silicon dioxide is within the above range, the stock removal rates of the 
tungsten film and the insulating film can be made adequate with a sufficient mechanical polishing power, and it is 

40 possible to shorten the polishing time. Further, when the content of silicon dioxide is within the above range, the stability 
of the dispersion of silicon dioxide in the polishing composition can be maintained properly, and it is possible to prevent 
that the precipitation of silicon dioxide or the viscosity of the polishing composition, tends to be excessive. 
[0018] Further, the size of the silicon dioxide in the present invention is usually within a range of from 40 to 1 20 nm, 
preferably within a range of from 60 to 1 00 nm, as an average particle size (hereinafter referred to as a surface area- 

45 based particle size) calculated from the surface area measured by a BET method (nitrogen-adsorption method) and 
the surface area calculated from the density of the particles. Further, it is usually within a range of from 80 to 300 nm, 
preferably within a range of from 150 to 250 nm, as an average particle size (hereinafter referred to as an optical 
particle size) measured by an optical scattering method by an optical particle size measuring apparatus. When the 
particle size of the silicon dioxide is within this range, the mechanical polishing power can be made to be adequate, a 

so high stock removal rate can be accomplished especially of the insulating film, and it is possible to prevent a too much 
increase of the viscosity of the polishing composition. Further, when the particle size of the silicon dioxide is within the 
above range, the silicon dioxide can be dispersed uniformly, and precipitation of particles can be prevented. As a result, 
light damage on the surface after polishing can be prevented. 

55 (b) Periodic acid 

[0019] The polishing composition of the present invention contains periodic acid. Periodic acid is well known as a 
material which has an oxidizing effect. Periodic acid contained in the polishing composition of the present invention is 
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one which imparts an oxidizing effect to the polishing composition. This oxidizing effect is effective mainly against the 
tungsten film and changes the tungsten on the surface to tungsten trioxide (W03). This oxidized tungsten trioxide is 
a brittle material and tends to be readily removed by the mechanical polishing effect by the above-mentioned silicon 
dioxide. 

[0020] The content of periodic acid in the polishing composition of the present invention is usually within a range of 
from 2 to 9 g/e, preferably within a range of from 3.5 to 6 g/€. When the content of periodic acid in the polishing 
composition of the present invention is within the above range, the oxidizing effect against the tungsten film will be 
proper, and the stock removal rate can also be maintained at a proper level. Further, against a pH change due to the 
addition of the periodic acid, the pH adjustment, which will be described hereinafter, is also easy. 

(c) pH controlling agent 

[0021] The polishing composition of the present invention contains at least one pH controlling agent selected from 
the group consisting of ammonia, potassium hydroxide, sodium hydroxide, ammonium periodate, potassium periodate 
and sodium periodate. Such a pH controlling agent is added to adjust the pH of the polishing composition. The pH of 
the polishing composition of the present invention is adjusted usually within a range of from 4.5 to 7, preferably from 
5 to 6, more preferably from 5.3 to 5.8, by the addition of the above pH controlling agent. If the pH is within this range, 
the oxidizing effect by periodic acid will sufficiently be performed, and the stock removal rate of the tungsten film by 
the polishing composition can be maintained sufficiently and properly, and there will be no problem from the viewpoint 
of regulations, and safety and hygiene. 

(d) Water 

[0022] The polishing composition of the present invention contains water as a medium. The water to be used for the 
polishing composition of the present invention may be any one of industrial water, city water, deionized water and 
distilled water, but is preferably one containing substantially no metal ions. It is particularly preferred to employ one 
obtained by subjecting deionized water containing substantially no metal ions to filtration to remove foreign matters. 

Polishing composition 

[0023] The polishing composition of the present invention is one which is useful for the production of semiconductor 
devices. As generally known, semiconductor devices may have their performance deteriorated by inclusion of metal 
impurities. Further, elements of certain types tend to deposit on the surface of silicon dioxide contained in the polishing 
composition and thus cause light damage by polishing on the wafer surface. In the polishing composition of the present 
invention, the contents of such elements (hereinafter referred to as impurity elements) are preferably low in order to 
improve the yield in the process for producing semiconductor Such impurity elements include elements of Groups 2A, 
3A, 4A, 5A, 6A, 7A, 8A, 1B and 2B, lanthanoids, actinoids, aluminum, gallium, indium, thalium, tin, lead, bismuth! 
fluorine and chlorine. The concentration of each of them is preferably not more than 1 00 ppb, more preferably not more 
than 50 ppb. 

[0024] The concentrations of these impurities can be measured by commonly employed analytical apparatus, such 
as an inductively coupled plasma mass spectrometric apparatus (ICM-MS), an inductively coupled plasma spectro- 
metric apparatus (ICP spectrometric apparatus) or an atomic absorption spectrometric apparatus. Further, ion chro- 
matography or the like, may be employed for the measurement of fluorine and chlorine. 

[0025] Further, the above-mentioned impurity elements adversely affect also the storage stability of the polishing 
composition. Namely, if impurities are present in a large amount in the polishing composition, it is possible that by such 
impurities, periodic acid as a component of the polishing composition of the present invention, will be decomposed. 
Accordingly, when the content of such impurity elements is low, the polishing composition of the present invention is 
able to exhibit excellent storage stability. 

[0026] With the polishing composition of the present invention, for at least one month afterthe preparation, the stock 
removal rates of the tungsten and the insulating film, are maintained to be at least 90% of the stock removal rates 
immediately afterthe preparation. 

[0027] The polishing composition of the present invention can be used also for the finish polishing wherein the tung- 
sten film and the insulating film are simultaneously polished. Accordingly, it is preferably capable of polishing the tung- 
sten film and the insulating film at substantially the same levels of the stock removal rates. Thus, the ratio (hereinafter 
referred to as the selection ratio) of the stock removal rate of the insulating film to the stock removal rate of the tungsten 
film, is preferably within a range of from 0.75 to 1 .5, more preferably within a range of from 0.9 to 1 .2. By adjusting the 
selection ratio within this range, the tungsten film and the insulating film can uniformly be polished, and the flatness of 
the finished surface by final polishing will be improved. 
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[0028] In the field of semiconductor devices, there are several types of films which are so-called insulating films. 
Specifically, a silicon oxide film (commonly a TEOS film) formed by a CVD method, a monofluoro silicon oxide film 
(commonly a SiOF film), a boron-doped BSG film, a phosphorus-doped PSG film, and a boron- and phosphorus-doped 
BPSG film may, for example, be mentioned. These films are different in the mechanical strength depending upon the 
5 types, and accordingly, the stock removal rates by a polishing composition vary depending upon the types. Therefore, 
various components in the polishing composition should be adjusted to optimize the selection ratio. Further, the stock 
removal rate of the tungsten film may also vary depending upon the condition for forming the tungsten film, and ac- 
cordingly, the composition of the polishing composition should be optimized depending upon the construction of the 
object to be polished. 

10 [0029] The polishing composition of the present invention is prepared usually by mixing, dissolving or dispersing 
silicon dioxide, periodic acid and the pH controlling agent in water, and, if necessary, further dissolving other additives. 
The method for dispersing or dissolving these components in water, is optional. For example, they are dispersed by 
stirring a vane : type stirrer or ultrasonic wave dispersion. Further, the order of addition of these components is also 
optional, i.e. any component may be dispersed and dissolved first, or they may be added simultaneously. 

15 [0030] With respect to the supply form of the polishing composition of the present invention, (a) the silicon dioxide, 
(b) the periodic acid, (c) the pH controlling agent and (d) the water may be mixed beforehand, and such a mixture may 
be used as it is, for polishing. However, a concentrated polishing composition containing the above components (a), 
(b) and (c) in high concentration, may be prepared, and at the time of use, it may be diluted to obtain the desired 
composition. Otherwise, the composition may be prepared as divided into two or more liquids. For example, it may be 

20 prepared as divided into two liquids i.e. a first liquid comprising (a) silicon dioxide and (d) water, and a second liquid 
comprising (b) periodic acid, (c) a pH controlling agent and (d) water, and at the time of use, these two liquid compo- 
sitions may be mixed for use. In this way, it is possible to finely adjust the selection ratio by finely adjusting the propor- 
tions of the two liquid compositions depending upon the types of the insulating film and the tungsten film, the state of 
the polishing machine, the environment at the time of polishing, etc. Further, from the viewpoint of the storage stability, 

25 it is advantageous to divide the composition into two liquids. 

Polishing method 

[0031] The polishing method of the present invention comprises polishing a semiconductor device having at least a 
30 tungsten film and an insulating film with the above-mentioned polishing composition. 

[0032] The polishing method of the present invention may be combined with any conventional polishing method or 
polishing conditions, so long as a semiconductor device having at least a tungsten film and an insulating film is polished 
by means of the above polishing composition. 

[0033] For example, as the polishing machine, one side polishing machine, both sides polishing machine or other 
35 polishing machine may be used. Further, as a polishing pad, a suede type, a non-woven fabric type, a flocked fabric 
type or a raised fabric type may, for example, be employed. 

[0034] In the polishing of semiconductor devices, in order to make the surface more flat, polishing may be carried 
out in two or more steps. In such multi-steps polishing, in the initial polishing, polishing is carried out at a high speed 
even if some defects remain on the polished surface formed, and in a later polishing, a flat polished surface is formed 

40 by mending the defects. In the present invention, the above-mentioned polishing composition has a selection ratio of 
about 1, and it is preferably employed for the final polishing step i.e. the finish polishing, in polishing in two or more 
steps. In such a case, in a polishing step prior to the final polishing, it is preferred that the majority of the tungsten film 
is removed. Here, "the majority of the tungsten film is removed" means that polishing has been done to such a thickness 
that the remaining tungsten film is not more than 2,000 A, preferably not more than 1 ,000 A. The method for obtaining 

45 a semiconductor device having the majority of the tungsten film so removed, is optional, but the above-mentioned 
polishing composition or a commonly employed other polishing composition, may be employed. 
[0035] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 



Content and preparation of polishing composition 

[0036] The respective components i.e. silicon dioxide, periodic acid and ammonia were dissolved or dispersed in 
55 water, to prepare polishing compositions of Examples 1 to 24 and Comparative Examples 1 to 3. The concentrations 
or the added amounts of the respective components are as shown in Table 1 . In each of Examples and Comparative 
Examples, silicon dioxide used, was a colloidal silica purified by a sol-gel method and having a surface area-based 
particle size of 90 nm and an optical particle size of 230 nm. The contents of the impurity elements were at most 50 
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ppb each. 

[0037] In Examples 1 to 7 and Comparative Example 3, the concentration of silicon dioxide was varied, while other 
components were kept to be constant. In Examples 8 to 13 and Comparative Example 2, the amount of periodic acid 
was changed, while other components were kept to be constant. Further, in Examples 14 to 19 and Comparative 
Example 1 , the amount of ammonia was changed, while other components were kept to be constant. Comparative 
Example 1 is an Example wherein no ammonia was added, i.e. no adjustment of the pH was carried out. Further, in 
Examples 22 to 24, as the compound to adjust the pH, potassium hydroxide, ammonium periodate and potassium 
periodate, were used, respectively, while other components were kept to be constant. 
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Polishing tests 

[0038] Then, polishing tests were carried out using the polishing compositions of Examples 1 to 24 and Comparative 
Examples 1 to 3. The polishing conditions were as follows. 

Polishing conditions 



[0039] 



Polishing machine: 
Object to be polished: 

Polishing pad: 

Polishing pressure: 

Polishing time: 

Platen rotational speed: 

Supply rate of the polishing composition: 

Carrier rotational speed: 



One side CMP polishing machine (Mirra, manufactured by Applied Mate- 
rials Inc.) 

Tungsten blanket wafer (8 inch silicon wafer having a tungsten film formed 
by a PVD method) 

TEOS blanket wafer (8 inch silicon wafer having a TEOS film formed by 
a CVD method) 

laminated polishing pad made of polyurethane (IC-1000/Suba 400, man- 
ufactured by Rodel Inc.) 
4 psi (about 28 kPa) 
60 seconds 
70 rpm 
250 cc/min 
70 rpm 



[0040] Evaluation of the stock removal rates were carried out by using tungsten and TEOS blanket wafers. The 
thicknesses of the tungsten film and the TEOS film before and after the polishing were measured, and the stock removal 
rates were calculated from the differences in thickness as between before and after the polishing. For the measurement 
of the thickness of the tungsten film, a sheet resistor (VR-120, manufactured by Kokusai Denki System Service K.K.) 
was used, and for the measurement of the thickness of the TEOS film, an optical abdominal pressure meter (VM-2030, 
manufactured by Dai Nippon Screen Mfg Co., Ltd.) was used. Further, a value obtained by dividing the stock removal 
rate of the TEOS film by the stock removal rate of the tungsten film, is indicated as a selection ratio. 
[0041] After the polishing, by means of an optical microscope, the state of the tungsten surface was visually evalu- 
ated. 

[0042] Further, metal impurities on the surface after the polishing were measured by means of an elemental analyzer 
(total reflection X-ray fluorescence type, TRE-610T, manufactured by Technos K.K.). The evaluation results are as 
shown in Table 1 . 

[0043] Referring to the evaluation results of Test 1 , it is evident from the results of Examples 1 to 21 that by changing 
the amounts of silicon dioxide, periodic acid and ammonia, the stock removal rates of the tungsten film and the TEOS 
film can be adjusted. Further, from the results of Examples 22 to 24, it is evident that good results of equal levels can 
be obtained when potassium hydroxide, ammonium periodate or potassium periodate is used instead of ammonia. 
Comparative Example 1 is an example wherein no adjustment of pH was carried out, whereby the selection ratio was 
remarkably large, since the stock removal rate of the tungsten film was small as compared with the stock removal rate 
of the TEOS film. Comparative Example 2 is an example wherein no periodic acid was incorporated, and from the 
comparison of this Comparative Example 2 with the respective Examples, it is evident that by the incorporation of 
periodic acid, the stock removal rate of the tungsten is remarkably improved, and the selection ratio can also be sub- 
stantially improved. 

[0044] Analyses of element ions on the surface after polishing, were carried out, and with respect to each element, 
the measured value was such that there was no problem in performance in each of Examples and Comparative Ex- 
amples. Further, in each of Examples and Comparative Examples, the state of the surface after polishing was good. 

Test 2 



[0045] To evaluate the influence of metal impurities to the polishing composition of the present invention, the following 
three types of polishing compositions were prepared. Namely, the polishing composition of Example 4, a composition 
(Example 25) having iron nitrate added to the polishing composition of Example 4 so that the iron ion concentration 
would be 1 50 ppb, and a composition (Example 26) in which instead of the colloidal silica used in Example 4, a colloidal 
silica prepared by an ion exchange method (a method of purifying from sodium silicate) having the same particle size, 
was used. Using the above three types of polishing compositions, polishing and evaluation were carried out under the 
same conditions as in Test 1 with respect to the compositions immediately after the preparation and after storage for 
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one month from the preparation in a sealed state at room temperature. The evaluation results are as shown in Table 
2. the content of metal impurities in the colloidal silica prepared by the ion exchange method as used in Example 26, 
was measured by an inductively coupled plasma mass spectrometry (ICM-MS), and the results are as shown in Table 3. 
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Table 3 





Elements 


Contents of impurity metals (ppb) 


5 


Al 


15000 




Ba 


100 




Ca 


10000 




Cd 


<100 


10 


Co 


<100 




Cr 


1000 




Cu 


<100 


15 


Fe 


13000 




Mg 


<3000 




Mn 


100 




Mo 


<200 


20 


Ni 


<500 




Pb 


<500 




Sn 


<2000 


25 


Sr 


<100 




Ti 


6000 




V 


<100 




Zn 


<1000 


30 


Zr 


<3000 



[0046] The stock removal rates were compared as between immediately after the preparation and after storage for 
one month, whereby the stock removal rate by the composition of Example 4 did not substantially decrease. Further, 
in Example 25 and in Example 26, the stock removal rates after the storage tended to decrease. Accordingly, it is 
evident that the storage stability is better with one wherein metal impurities are less. 

[0047] The tungsten surface after polishing was inspected, and with the polishing composition of Example 4, no light 
damage by polishing was observed, while in Examples 25 and 26, light damage was observed. Thus, it was found that 
the light damage tends to increase as the metal impurities increase. 'Further, metal impurities on the surface after 
polishing were measured, whereby with the polishing composition of Example 4, each element was below the detection 
limit, but in Example 25, 4X10 10 atoms/cm 2 of iron ions were detected. Further, in Example 26, due to the influence 
of metal impurities contained in the silica, on the surface after polishing, iron ions were detected at a concentration of 
2x 10 11 atoms/cm 2 , and titanium ions were detected at a concentration of 3x10 11 atoms/cm 2 . 

[0048] From the results of Test 2, it was found that when a polishing composition containing metal impurities, is used, 
staining with metal impurities tends to be observed on the device surface after the polishing. Further, a mechanism is 
assumed such that by the metal impurities, decomposition of periodic acid takes place, and the polishing composition 
changes during the storage for a long period of time, whereby the stock removal rate decreases. 

Test 3 

[0049] A composition (A) comprising 1 00 g/€ of silicon dioxide and 6 g/€ of periodic acid and having the pH adjusted 
to 4.5 by ammonia, and a composition (B) containing 200 g/€ of silicon dioxide only, were preliminarily prepared. Here, 
as the silicon dioxide, a colloidal silica prepared by a sol-gel process, which was the same as one used in Test 1 , was 
used. Then, two types of polishing compositions were prepared i.e. one (Example 27) wherein compositions A and B 
were mixed in a volume ratio of A:B=2:1 , and one (Example 28) wherein they were mixed in a volume ratio of A:B=1 : 
1 . Using the polishing compositions of Examples 27 and 28, polishing tests were carried out in the same manner as 
in Test 1 , whereby the respective polishing performance was measured. As a result, in Example 25, the stock removal 
rate of tungsten was 820 A/min, and the stock removal rate of the TEOS film was 900 A/min. Whereas in Example 26, 
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the stock removal rate of tungsten was 750 A/min, and the stock removal rate of the TEOS film was 700 A/mln. Further, 
in each of Examples 27 and 28, the conditions of the surface after polishing was good (© ), and the iron ion concen- 
tration on the surface after polishing was not more than 1 x 1 0 10 atoms/cm 2 , i.e. a practically no problematic level. 

Test 4 

[0050] Further, using a colloidal silica having a surface area-based particle size and an optical particle size as iden- 
tified in Table 4, as silicon dioxide, a polishing composition having the same composition as in Example 4 was prepared, 
and polishing tests and evaluation were carried out under the same conditions as in Test 1 . The colloidal silicas used 
were all produced by the sol-gel process, and their contents of impurity elements were not more than 50 ppb with 
respect to each element. The evaluation results are as shown in Table 4. 
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50 

[0051] From the results of Test 3, it was found possible to obtain a good surface free from light damage and having 
a low iron ion concentration, even in a case where the polishing composition is divided into two compositions, which 
are mixed at the time of polishing. Further, it was found that by changing the blend ratio of the two compositions at the 
time of polishing, it is possible to adjust the stock removal rates of the tungsten film and the insulating film. Further, 
55 from the results of Test 4, it was found that when the surface area-based particle size or the optical particle size of 
silicon oxide is changed, the stock removal rates of the tungsten film and the insulating film will change, but the results 
are good with respect to both the surface after polishing and metal impurities. 

[0052] The entire disclosure of Japanese Patent Application No. 2001-242235 filed on August 9, 2001 including 
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specification, claims and summary are incorporated herein by reference in its entirety. 



Claims 

1 . A polishing composition for polishing a semiconductor device having at least a tungsten film and an insulating film, 
which comprises the following components (a) to (d) : 

(a) silicon dioxide, 

(b) periodic acid, 

(c) at least one pH controlling agent selected from the group consisting of ammonia, potassium hydroxide, 
sodium hydroxide, ammonium periodate, potassium periodate and sodium periodate, and 

(d) water. 

2. The polishing composition according to Claim 1 , wherein the concentration of each of elements of Groups 2A, 3A, 
4A, 5A, 6A, 7A, 8A, 1 B and 2B, lantanoids, actinoids, aluminum, gallium, indium, thallium, tin, lead, bismuth, fluorine 
and chlorine, is not more than 100 ppb in the polishing composition. 

3. The polishing composition according to Claim 1 or 2, wherein the silicon dioxide is silicon dioxide produced by a 
sol-gel process. 

4. The polishing composition according to any one of Claims 1 to 3, which has a pH of from 4.5 to 7. 

5. In a process for polishing a-semiconduetor device having at least a tungsten film and an insulating film, a polishing 
method which comprises polishing the tungsten film and the insulating film simultaneously with a polishing com- 
position which comprises the following components (a) to (d): 

(a) silicon dioxide, 

(b) periodic acid, 

(c) at least one pH controlling agent selected from the group consisting of ammonia, potassium hydroxide, 
sodium hydroxide, ammonium periodate, potassium periodate and sodium periodate, and 

(d) water. 

6. The polishing method according to Claim 5, wherein the concentration of each of elements of Groups 2A, 3A, 4A, 
5A, 6A, 7A, 8A, 1B and 2B, lantanoids, actinoids, aluminum, gallium, indium, thallium, tin, lead, bismuth, fluorine 
and chlorine, is not more than 100 ppb in the polishing composition. 

7. The polishing method according to Claim 5 or 6, wherein the silicon dioxide is silicon dioxide produced by a sol- 
gel process. 

8. The polishing method according to any one of Claims 5 to 7, which has a pH of from 4.5 to 7. 

9. In a polishing process for production of a semiconductor device having at least a tungsten film and an insulating 
film, a method for polishing the semiconductor device, which comprises carrying out the finish polishing with a 
polishing composition as defined in any one of Claims 1 to 4, after removing the majority of the tungsten film. 
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